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TU : F i l e s  

FROM : Code 616.2 - John H. Lane and Nancy L, Kemmerer 

SUBJECT : Nike-Cajun Soundind Rocket Performance 

The Nike-Cajun ( F i g u r e  1) is  the most w ide ly  used  v e h i c l e  i n  the NASA 

N a t i o n a l  Sounding Rocket Program. It h a s  a l s o  s e e n  e x t e n s i v e  s e r v i c e  w i t h  

o t h e r  U. S. r e s e a r c h  a_;encies  and with n a t i o n s  o v e r s e a s .  

Goddard 's  a b i l i t y  t o  accurately p r e d i c t  Nike-Cajun performance has i n -  

c r e a s e d  s i g n i f i c a n t l y  w i t h i n  t h e  last y e a r  as a r e s u l t  o f :  

1. Completion o f  t r a j e c t o r y  s t u d i e s  run on a n  IBM 7390 computer,  

2. A n a l y s i s  o f  Nike-Cajun r a d a r  d a t a  and comparison of t h e o r e t i c a l  
and a c t u a l  performance, 

3 .  P r e p a r a t i o n  of  c u r v e s  f o r  p r e d i c t i n g  performance o f  t h e  Nike- 
Cajun system. 

Because Nike-Cajun performance i s  hi;hly s e n s i t i v e  t o  v a r i a t i o n s  i n  

Cajun dra,;, i t  w a s  n e c e s s a r y  t o  run c a l c u l a t i o n s  w i t h  what m a y  be  termed "low" 

"medium", and "high1s d r a g  c o e f f i c i e n t  i n p u t s .  The Cajun d r a g  c o n f i g u r a t i o n s  

c o n s i d e r e d  were: 

CASE I 
- b w  m: Clean payload (no an tennae )  with 1l0 t o t a l  an:;le 
(b .75  i n c h  d i ame te r )  nose  cone (see Cajun drawing,Fig.  2 ) .  

CASE 11 
Medium Drag: Two dovap a n t e n n a e  ( F i g .  3) w i t h  1l0 t o t a l  a n g l e  
(6 .75  i n c h  d i a m e t e r )  nose  cone 

PIedium Drag: Clean payload (no a n t e n n a e )  w i t h  20" t o t a l  an, le  
(6 .75  i n c h  d i a m e t e r )  nose  cone. 

o r  



CASE 111 
High Drag: Four  45O swept t u r n s t i l e  a n t e n n a e  ( F i g .  4) w i t h  
1l0 t o t a l  a n g l e  (6.75 i n c h  d i a m e t e r )  nose  cone. 

Computer c a l c u l a t i o n s  were conducted f o r  Nike-Cajun Rockets  hav ing  t h e  

f o l l o w i n g  c h a r a c t e r i s t i c s :  

1. Sea l e v e l  launch  a l t i t u d e  

2 .  Launch e l e v a t i o n  a n g l e s  of  70, 75 ,  50, 32,84, 86, and 90 de-  
g r e e s  

3.  Gross  payload  we igh t s  of 40, 50,  60, 70,  30, 90, 100, 110, and 
120 l b s .  ( g r o s s  payload d e f i n e d  as a l l  w e i s h t  forward  o f  t h e  
Cajun motor  head) .  

4 .  Cajun i g n i t i o n  t i m e  of 17 seconds  

5. Cajun d r a g  c o n f i g u r a t i o n :  Case I ,  Case 11, Case 111. 

A d d i t i o n a l  i n f o r m a t i o n  on assumptions and i n p u t s  f o r  t h e s e  c a l c u l a t i o n s  

are g iven  i n  T a b l e  1 and F i g u r e s  5 through 8. 

R e s u l t s  o f  t h e  Nike-Cajun c a l c u l a t i o n s  are l i s t e d  i n  T a b l e s  2, 3, and 

4. Major performance pa rame te r s  a t  Nike burnout  and  Cajun i g n i t i o n ,  bu rnou t ,  

apogee ,  and impact  are p l o t t e d  as a f u n c t i o n  o f  payload  and launch  a n g l e  i n  

F i g u r e s  9 t h rough  23. These c u r v e s  a r e  in t ended  f o r  u s e  i n  p r e d i c t i n g  t h e  p e r -  

formance o f  t h e  Nike-Cajun havin;  drag c o e f f i c i e n t  c u r v e s  i d e n t i c a l  o r  s i m -  

i l a r  t o  t h o s e  o f  d r a g  cases I ,  11, 111. 

A d e t a i l e d  e v a l u a t i o n  of a v a i l a b l e  Nike-Cajun r a d a r  d a t a  i s  now b e i n g  

conducted  t o  d e t e r m i n e  adequacy o f  i n p u t s  t o  t h e  t h e o r e t i c a l  c a l c u l a t i o n s .  

P a r t i a l  r e s u l t s ,  a comparison of t h e o r e t i c a l  and a c t u a l  ( r a d a r )  performance 

f o r  e i ,h t  r o c k e t s ,  are shown i n  Table  5 .  Here, t h e  a v e r a d e  d i s c r e p a n c i e s  i n  
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peak a l t i t u d e  and impact  r ange  were found t o  b e  o n l y  3.5 and 2.9 s t a t u t e  

miles r e s p e c t i v e l y  

expe r i enced  p i t c h - r o l l  coup l ing  ( r o l l  l o c k - i n )  s h o r t l y  af ter  Cajun burnout .  

It shou ld  be  emphasized t h a t  t h e  t h e o r e t i c a l  v a l u e s  shown i n  T a b l e  5 r e s u l t  

from p o s t - f l i g h t  c a l c u l a t i o n s  u s i n g  a c t u a l  ( r a d a r )  v a l u e s  f o r  Cajun i g n i t i o n  

t i m e  and e f f e c t i v e  f l i g h t  p a t h  ang le .  

exc lud ing  r e s u l t s  o f  NASA 10.74 which is  known to  have 

The a c c u r a c y  of  p r e - f l i g h t  estimates are o f t e n  a d v e r s e l y  a f f e c t e d  by 

l i m i t a t i o n s  o f  t h e  f i r i n , :  r ange  i n  p r e d i c t i n g  wind effects  and ,  hence ,  e f -  

f e c t i v e  launch  e l e v a t i o n  a n g l e .  Fo r  a t y p i c a l  Nike-Cajun,  a 2O d i s c r e p a n c y  

i n  e f f e c t i v e  a n g l e  r e s u l t s  i n  a peak a l t i t u d e  error of 2 , 5  miles and an  i m -  

p a c t  r ange  e r r o r  o f  abou t  1 5  miles. It a p p e a r s  t h a t ,  i n  g e n e r a l ,  peak a l t i t u d e  

p r e d i c t i o n s  w i t h i n  p l u s  and minus s i x  m i l e s  o f  a c t u a l  can b e  expec ted  - i f  a 

v e r y  c a r e f u l  d e t e r m i h a t i o n  o f  weight  and d r a g  c o n f i g u r a t i o n  is  made. 

Performance i n v e s t i g a t i o n s  have n o t  y e t  been run  f o r  some Cajun pay- 

load  g e o m e t r i e s ,  The "grenade series" ( 4  dovap a n t e n n a e  and a n  18 i n c h  long  

nose  cone w i t h  1 0 ~  l b s  o f  e x t r a  weight i n  t h e  Nike a d a p t e r )  is i n  t h i s  cat- 

egory .  

RECOMMENDATIUNS FOR USE UF N I K E - C A J U N  PERFORMANCE CURVES 

1. C a r e f u l l y  d e t e r m i n e  t h e  c o r r e c t  d r a g  case, payload  weight ,  arid l aunch  

a n g l e  ( d e s i r e d  e f f e c t i v e  launch  angle)  b e f o r e  e n t e r i n g  cu rves .  

2. S p e c i f y  a t  least a plus-and-minus s i x  m i l e  t o l e r a n c e  on peak a l t i t u d e  

p r e d i c t i o n s .  
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3. Consul t  w i t h  Code 616.2 i n  s i t u a t i o n s  where d r a g  c o n f i g u r a t i a n  d o e s  

n o t  a p p e a r  t o  match any of t h e  t h r e e  cases d e f i a e d  above,  o r  where o t h e r  

d e v i a t i o n s  from normal Nike-Cajun i n p u t  pa rame te r s  are p r e s e n t .  
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TABLE I 

ASSUMPTIONS AND INPUTS FOR N I K E -  CAJUN TRAJECTORY CALCULATIONS 

ASSUMPTIONS _- 

1. 
2. 
3. 
4 ,  
5. 
6.  

Ebss - - 

TI 1) dime tis i o n a t  p.) i t i t  - mass t r a j e c t o r y  . 
S p h e r i c a l ,  non-rotat ic) , ,  E a r t h .  
I n v e r s e  s q u a r e  g r a v i t a t i o n a l  f i e l d .  
S t anda rd  Atmosphere ICAb e x t e n s i o n .  
Sea l e v e l  launch.  
17 second Cajun i g n i t i o n .  

1 

INPUTS 

W = w + w p / ~  = t o t a l  mass ( l b s .  mass) wnere w is mass w i t h o u t  pay load ;  
w p / ~  is payload mass. 

A t  t = 0 sec. (Nike I g n i t i o n )  w = 1520 l b s .  mass 
A t  t = 3.5 sec.  (Nike Burnout be fo re  s e p a r a t i o n )  w= 765 l b s .  mass. 

From 0 t o  3.5 sec. mass f l o w  rate is assumed c o n s t a n t ,  

= 755 = 215.714 l b s .  mass/sec 
3.5 

From 3.5 seconds ( a f t e r  s t a g e  s e p a r a t i o n )  t o  17.0 seconds ,  w = 292 l b s .  m i s s .  

From 17.0 t o  21.U seconds (Cajun burning)  w is as g i v e n  i n  f i g u r e  5 .  

From 21.0 seconds t o  impact ,  w = 83 l b s .  mass. 

Payload w e i g h t s ,  w P / ~  are t a k e n  a t  10 l b s .  mass i n t e r v a l s  from 40 t o  
120 l b s .  nass. 

T h r u s t  

T = TSL + As (PE - PA) 

T = t o t a l  t h r u s t  ( l b s )  
TSL = t h r u s t  a t  sea l e v e l  ( l b s )  
i i ~  = n o z z l e  e x i t  area ( s q u a r e  inches)  
PE = n o z z l e  e x i t  p r e s s u r e  = 14.7 psia 
PA = ambient  p r e s s u r e  ( p s i a )  

where 

N i k e  Burning : 
Burning p e r i o d  : c, t o  3.5 seconds 
TSL = 42,SUO l b s .  = c o n s t a n t  
AE = - 77 (16.33312 = 2d9.4 i n c h e s  

4 



TABLE I Cont. 

Cajun Burning:  
Burning p e r i o d :  17.0 t o  21.0 seconds  
TSL = as p e r  f i g u r e  6 
AE = 37.1 i n c h e s  

I 
I .  Drag - 

Drag c o e f f i c i e n t s  f o r  Nike t h r u s t i n g  p e r i o d  as g i v e n  i n  f i g u r e  7 .  

Drag c o e f f i c i e n t s  f o r  Cajun c o a s t i n g  and  t h r u s t i n d  p e r i o d s  as g i v e n  i n  
f i g u r e  8 ( f o r  Cajun payload c o n f i g u r a t i o n  I ,  11, and 111). 

Launch E l e v a t i o n  Angles 

Taken as 70°, 75O, 80°, 82O, 84O, 86O, and 90°. 











CASE I DRAG CONFIGURATION 

CLEAN (NO ANTENNAE) WITH 1l0 NOSE CONE 
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CASE I1 DRAG CONFIGURATION 

TWO DOVAP ANTENNAE W I T H  1l0 NOSE CONE 

OR 

CLEAN (NO ANTENNAE) W I T H  20' NOSE CONE 
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CASE I11 DRAG CONFIGURATION 

FOUR 45' SWEPT T U R N S T I L E  ANTENNAE WITH 11' NOSE CONE 
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